ABSTRACT The cadmium body burden, blood and urine cadmium concentrations, and renal function were studied in a group of 53 cadmium solderers. The results showed raised blood and urine cadmium concentrations and raised cadmium body burden in all workers (31) with more than five years exposure, with 27 having urine cadmium concentrations in excess of the proposed biological threshold of 10 nmol/mmol creatinine. Renal tubular dysfunction was found in 17 of the subjects with more than five years exposure and in one this was associated with glomerular dysfunction. These data indicate that cadmium body burden and frequency of tubular dysfunction in end users of cadmium may be as high as those found in smelters or production workers. Subjects with tubular dysfunction did not show greatly increased urine cadmium concentrations compared with those without dysfunction, supporting a previous suggestion that tubular dysfunction occurs before the wash out of cadmium from the kidney. At the time of our study, cadmium exposure stopped as cadmium free soldering rods were introduced. Repeat urine samples from 19 subjects, one to two years after exposure ended indicated that there was no further increase in the level of excretion of low molecular weight proteins, perhaps indicating that the tubular proteinuria does not increase or more severe renal dysfunction develop without continuous exposure.
Renal dysfunction associated with chronic cadmium exposure has been recognised since 19481 and is characterised by an increased excretion of urinary protein.
Changes in tubular and glomerular function occur when the concentration of cadmium in the renal cortex exceeds a "critical" concentration, which may take up to 10-20 years of occupational exposure. Although there have been several well documented studies of cadmium uptake in working populations," it was not until the development of in vivo neutron activation analysis that the accumulation of cadmium in the kidney could be compared with measures of glomerular and tubular function.45 The investigation of the natural history of cadmium accumulation and kidney dysfunction requires access to workers with well documented and stable occupational exposures occurring over many years. With the increased knowledge of the hazards of exposure to cadmium, however, there are fewer populations of workers exposed to cadmium available for study.
During our investigations of the relation between Accepted 21 April 1986 the uptake of cadmium and renal dysfunction our attention was drawn to a small well defined group of workers, employed in five firms, in a small specialised trade that both manufactures and repairs metal frames (known as jigs). Jigs are used to suspend components for electroplating, mainly in association with the motor component and jewellery trades. These workers had been exposed to fume from cadmium soldering over many years and in each firm the soldering was performed in small workrooms without exhaust ducting or local ventilation. In addition, in some premises there were areas with little or no natural ventilation. There had been no air monitoring at the firms, except for one limited investigation, which indicated air concentrations of cadmium in excess of the control limit-that is > 50 pg/m3. In this report we describe this specialised group of workers, the concentrations of cadmium in liver, kidney, blood, and urine, and how these relate to duration of exposure and renal function, as assessed by measuring urinary 2-microglobulin, retinol binding protein, and albumin concentrations. The firms changed to cadmium free rods at the time of our survey, giving us the opportunity to initiate a longitudinal study. Results of blood and urine cadmium measurements showed that all workers (32) with more than five years exposure and 11 of the 21 with less than five years exposure had raised concentrations of both blood and urine cadmium, and 30 had urine cadmium concentrations in excess of 10 nmol/mmol creatinine, a proposed biological threshold value50 (figs l(a) and (b)).
Comparison of the mean blood and urine cadmium concentrations for the five exposure groups showed that both increased with exposure up to 15 years and then reached a plateau.
LIVER AND KIDNEY CONCENTRATIONS
In vivo neutron activation analysis for the measurement of liver and kidney cadmium concentration was performed on 25 subjects: 22 had raised liver and Resultsfor all subjects; x those who underwent in Cadmium free soldering rods were substituted for the cadmium solder rods around the time of our survey, consequently occupational exposure to cadmium ended. During the next two years further blood and urine samples were obtained from 19 of the subjects, one to two years after the preceding measurements. For these subjects the mean blood cadmium concentration fell significantly from 220 to 180 nmol/l (paired t test, p < 0-05), urinary cadmium concentration fell from 30 to 24 nmol/mmol creatinine, but 
Discussion
In this study we have documented the relation between blood and urine cadmium concentrations, organ content of cadmium, and the occurrence of low molecular weight proteinuria in a group of workers not studied previously and who had uncontrolled cadmium fume exposure for up to 25 years resulting in considerable accumulation of cadmium in liver and kidneys. This was reflected in increased concentrations of cadmium in blood and urine. Lauwerys and his colleagues'0 have suggested, after several studies of cadmium workers, that if the urine cadmium concentration was consistently below 10 nmol/mmol creatinine, workers would be unlikely to develop renal dysfunction. In this study 27 of the 31 workers with more than five years exposure had urine cadmium concentration considerably in excess of this limit. Roels et al calculated from a study of over 300 workers that if the kidney cortex cadmium concentration did not exceed 216 ppm (21 mg for the whole kidney) then 90% of workers would not develop renal dysfunction"; 22 of the 25 subjects who underwent in vivo neutron activation analysis had kidney cadmium concentrations in excess of this value. It is not surprising, therefore, that 17 of the 31 subjects with more than five years exposure had-some evidence of renal tubular dysfunction. Although the values for urinary f2-microglobulin and retinol binding protein were raised, however, they were not as high as those found in our previous study of cadmium smelters' and, with the exception of one subject, the dysfunction was confined to tubular proteinuria.
It is important to determine whether the removal of cadmium from the working-environment of these jig makers prevents progression to more severe renal dysfunction. Our early evidence from the repeat measurements made on these workers does not show increasing excretion of #2-microglobulin with time, perhaps indicating that this mild tubular proteinuria will not progress to more severe dysfunction now further accumulation of cadmium is unlikely.
In this group of workers urinary cadmium concentrations do not show an increase in parallel with the onset of small molecular weight proteinuria. This supports the earlier suggestion made by Chettle et al that the onset of low molecular weight proteinuria occurs at a lower kidney cadmium concentration than that at which the kidney fails to retain stored cadmium and that there is a further pronounced increase in urinary cadmium concentration. 12 Smith, Topping, Stewart, Fletcher Previous studies concerning neutron activation analysis, renal function, and blood and urine cadmium concentrations have all involved cadmium production workers and smelters4 5 but not end users. This study has shown that, without adequate hygiene control, soldering can result in cadmium body burdens comparable with those found in smelters. One interesting observation was the liver and kidney burdens in a group of managers who had not been actively engaged in soldering for several years. This emphasises the need to monitor all personnel in small working premises, as several subjects not currently engaged in soldering may have high cadmium body burdens and in some cases changes in renal function. 
